Six domestic hens were trained under a delayed matching-to-sample procedure with red and green keylights as sample and comparison stimuli and a 1.5-s delay interval. The hens were trained to stop pecking the sample stimuli when a tone sounded. Duration of the sample stimuli (2 to 10 s) and the number of pecks required on the key on which these stimuli were presented (O to 10) were altered across conditions. Both the response requirement on the sample key and the duration of sample presentations affected accuracy. These findings are in agreement with those of earlier studies using other species and somewhat different procedures. Roberts, 1972; Roberts & Kramer, 1982; White, 1985) .
Researchers using delayed matching-tosample (DMTS) procedures have examined the effects of a wide range of variables on remembering (McCarthy & White, 1987) . One variable shown to influence DMTS performance in studies with pigeons is the response requirement arranged on the key on which the sample stimulus is presented (i.e., the sample key). In general, pigeons' accuracy in matching increases when a response is required on the sample key relative to conditions in which no response requirement is programmed, and increases further as the number of responses required on the sample key is increased (e.g., Lydersen, Perkins, & Chairez, 1977; Maki, Gillund, Hauge, & Siders, 1977 ; Maki, Moe, & Bierley, 1977; Roberts, 1972; Roberts & Kramer, 1982; White, 1985) .
Increasing the duration of sample-stimulus presentations also increases accuracy under DMTS procedures (e.g., Farthing, Wagner, Gilmour, & Waxman, 1977; Grant, 1976; Guttenberger & Wasserman, 1985 ; Leith & Maki, 1975; Nelson & Wasserman, 1978; Roberts & Grant, 1974; Shimp & Moffitt, 1977 sample-key response requirements are, however, characteristically confounded in studies ostensibly concerned with either variable alone. In studies of response requirements, the duration of the sample stimulus characteristically is determined by the time required to complete the programmed ratio. Therefore, as Maki, Gillund, Hauge, and Siders (1977) pointed out, increasing the response requirement on the sample key may improve performance wholly or in part by increasing the duration of sample-stimulus presentation. A similar point was made by Spetch and Treit (1986) , who concluded that increasing sample-key response requirements increases accuracy primarily as a result of increased exposure to the sample rather than as a result of the effort required to respond. The primary purpose of the present study was to examine the contributions of sample duration and sample-key response requirements to DMTS performance. Domestic chickens were used as subjects. This species has been reported to respond well and similarly to pigeons under matching-to-sample procedures with no delay (DeMello, Foster, & Temple, 1992 , 1993 . Moreover, unpublished data indicate that the two species also respond similarly under DMTS procedures (e.g., Carroll, 1989; Jones, 1988; Odey, 1991) . In the present study, hens were initially trained to peck the sample stimulus until a tone was sounded and then to stop pecking for the remaining time the stimulus was on. Performance of each hen was examined across 13 conditions, in which sample-key response requirements and sample durations were varied. Response requirements of 0, 1, 3, 7, and 10 and stimulus durations of 2 s, 5 s, and 10 s were used, although not all possible combinations were examined. Table 1 shows the order of experimental conditions and the response requirements and sample durations during each condition. Additional training, gradually increasing or decreasing the number of responses required to the sample key, took place between some conditions. When this training occurred and the number of days it was in effect are shown in Table 1 .
Each condition continued until two criteria were met by all subjects. One required that there be no visually evident trend in accuracy across sessions. The other required that the median of the last five sessions' proportions correct for each subject be within .05 of the median of the preceding five sessions' data on five, not necessarily consecutive, occasions. Table 1 shows the number of sessions required to meet these criteria under each condition.
The numbers of correct and incorrect left and right side-key responses following both red-and green-sample trials were recorded each session, together with the number of wheat deliveries following red-sample trials and the total number of wheat deliveries. The number of trials aborted due to insufficient responses and the total number of trials aborted also were recorded.
Data Analysis
Most data from DMTS studies have been analyzed in terms of the percentage of correct responding. This measure potentially confounds the discriminability of the stimuli with any response bias toward a particular stimulus. To separate these sources of control, Davison and Tustin (1978) Further discussion of the use of the generalized matching equation in analyzing DMTS performance is provided by Davison and McCarthy (1988) and McCarthy and White (1987) . Because some readers will be more familiar with DMTS data expressed as percentage control, a summary of the present findings expressed in this way is provided in Appendix A, although these data are not discussed herein. The data from which log d and percentage correct measures were derived are provided in Appendixes B and C.
RESULTS
For each subject, data summed over the last five sessions of each condition were used in the following analyses. Figure 2 shows the point estimates of log d, calculated using Equation 3, for each condition for each subject plotted as a function of the response requirement on the sample key. Only completed trials were used in this calculation. The lines join data from conditions with the same sample-stimulus durations. The figure shows that log d generally increased as the response requirement increased. This relation held for all of the 18 functions shown. Log d usually was higher at the longer sample-stimulus durations, but the functions for different sample durations overlap considerably. Figure 3 shows the same data plotted as a function of the sample-stimulus duration. The lines join data from conditions with the same response requirements. This figure shows that, in general, as the sample-stimulus duration increased at any one response requirement, so did log d. In addition, for most subjects, the functions at each response requirement show reasonably clear separation, being higher with larger sample-key response requirements.
In summary, visual analysis of the data in Figures 2 and 3 in both the sample-stimulus duration and the response requirement. To quantify these relations, regression lines were fitted by the method of least squares to these data. Slopes of these lines, shown in Table 2 , provide an indication of the relative effects on accuracy of increasing sample duration at particular response requirements and of increasing fixed-ratio (FR) size at particular sample durations.
Slopes differed considerably across hens under a given condition. All slopes were positive, indicating that accuracy (log d) always increased with increases in sample duration and FR size. Slopes indexing the effects of sample duration did not change in graded fashion as a function of FR size. In 5 of 6 hens (55 was the exception), the effects of sample duration on accuracy (i.e., slopes) were greatest when the FR size was seven. There were only two data points for each bird at FR 7, however, so slopes at this value should be interpreted with caution.
In 5 of 6 hens (not 53), slopes indexing the effects of FR size on accuracy were greatest when the sample duration was 2 s. In 4 of these birds (not 52), slopes decreased progressively as the sample duration increased. These data indicate that the effects of FR size and sample duration were not completely independent but interacted somewhat. A controlled reinforcement procedure was used in the present study; as a result, there were almost exactly equal numbers of reinforcements for correct responses to red and green stimuli in each condition. Point estimates of inherent bias, log c, were calculated using Equation 4 and taking the ratios of the Figure 4 shows the percentage of trials aborted for each sample duration as a function of the response requirement for each bird. In general, about 40% to 50% of trials were aborted by all birds under most conditions. The aborted-trials data for Hen 51 are the exception, being much higher under most conditions. For all birds, the number of aborted trials generally increased as the response requirement increased. Further analysis of the aborted-trials data showed that this was a product of increases in the number of trials aborted as a result of too few pecks. The percentage of trials with too few pecks did not increase or decrease systematically as the sample duration increased. For all subjects, there were fewer trials aborted due to too many pecks than due to too few pecks, and the relative number of trials with too many pecks was not obviously related to either response requirement or sample duration.
Comparing the data in Figure 4 to those in Figures 2 and 3 
DISCUSSION
The present study supports unpublished findings that indicate that domestic hens perform relatively well, and similarly to pigeons, under DMTS procedures (e.g., Carroll, 1989; Jones, 1988; Odey, 1991) . A prior study reported that increasing the sample-key requirement from 1 to 5 and 10 progressively increased log d values in hens performing a visual acuity task under a matching-to-sample procedure with no delay, although further increases in response requirements did not consistently increase performance (DeMello et al., 1993) . Response requirements above 10 were not examined in the present study, in which log d increased with sample-key response requirements; thus, the present findings are consistent with those of DeMello et al. (1993) .
Prior studies with species other than chickens have demonstrated that DMTS accuracy improves when either sample durations or sample-key response requirements increase (e.g., Farthing et al., 1977; Grant, 1976; Gut- tenberger & Wasserman, 1985; Leith & Maki, 1975; Lydersen et al., 1977; Maki, Gillund, Hauge, & Siders, 1977; Maki, Moe, & Bierley, 1977; Nelson & Wasserman, 1978; Roberts, 1972; Roberts & Grant, 1974; Roberts & Kramer, 1982; Shimp & Moffitt, 1977; White, 1985) . Similar findings were reproduced with chickens in the present study. The present study differed procedurally from prior investigations by neither allowing the sample du- ration to vary as a function of response requirements nor allowing the number of sample-key responses to vary as a function of sample duration. Unless this is done, it is possible that the effects of increasing sample duration actually result from increased responding or, similarly, that the effects of increasing sample-key response requirements result from longer sample presentations. Neither of these confounding effects was possible in the present study, which provides evidence that sample duration and sample-key response requirements directly and independently affect DMTS performance.
Because Roberts and Grant (1976) proposed that DMTS performance is the result of comparisons of the test stimuli with a gradually decaying internal analogue (trace) of the sample stimulus. It has been suggested that trace strength is a positive function of sample duration and a negative function of time since sample offset (Guttenberger & Wasserman, 1985; Roberts, 1972; Spetch & Treit, 1986) .
Responding to the sample stimulus might also increase trace strength. It could be reasonably proposed that it is not the time that a sample stimulus is presented per se that determines trace strength but rather the time that an organism attends to that stimulus. Imposing a response requirement on the sample key requires attention to that key, and increasing the response requirement may increase the time of forced attention. Incidentally, it is not necessary to infer a decaying trace to account for the effects of increased attention on performance. In a review of studies in which multiple responses to a training stimulus resulted in greater discrimination, Honig and Urcuioli (1981) proposed that attention to the stimulus dimension under investigation is enhanced through repetitive responding by reducing competition from other stimuli. Perhaps this mechanism accounted, at least in part, for the effects of increasing response requirements in the present study. Sacks, Kamil, and Mack (1972) proposed that increasing either response requirements or sample durations increases accuracy by increasing the relative costliness of incorrect responding. Log d data from the present study are consistent with this analysis, but abortedtrials data are not. Although the hens became more accurate on completed trials as response requirements increased, they became less accurate in completing the response requirements. Trials with larger response requirements require more effort; hence, a failure to complete such a trial successfully once some responding has occurred is in a sense more costly than erring on a trial with lower response requirements. Therefore, according to the analysis proposed by Sacks et al., ac- curacy in completing the sample-key response requirement should have increased, not decreased, as a function of increasing the sample-key response requirement.
In general, DMTS accuracy in the present study increased as the percentage of aborted trials increased, although variation in the latter variable accounted for less than 25% of the total variance. In general, DMTS accuracy improves as the intertrial interval is increased (e.g., D'Amato, 1973; Grant, 1976) , and it is possible that aborted trials in the present study, which did not present both sample and comparison stimuli, were functionally equivalent to intertrial periods.
Examining DMTS data in terms of the generalized matching law, as was done in the present study, allows for a finer grained analysis than examining such data in terms of percentage of correct responding (Davison & McCarthy, 1988; Davison & Tustin, 1978; McCarthy & White, 1987) . The conclusions supported by the two kinds of analyses do not necessarily agree, but they do so in the case of the present data. For the present data, estimates of inherent bias were close to zero and did not change across conditions. Therefore, changes in log d values closely approximated changes in overall percentage of correct responding values and support equivalent conclusions. Such an outcome is not foregone, however, and describing DMTS data in the manner proposed by Davison and Tustin may well prove to be advantageous in future studies. 
